A ray tracing computer model has been developed for the prediction of the sound field and speech intelligibility in long enclosures ofrectangularcross section. The model has beeen validated using measurements made in a station on the Hong Kong MTR. There was close agreement between measured and predicted values of SPL, EDT, C50, D50 and the speech transmission index.
INTRODUCTION
Ray tracing computer models have been developed for the prediction of the sound field in long enclosures (I), which are typically non diffuse spaces (2) . The models described here can be applied to enclosures of any cross sectional shape, but were specifically developed for the prediction of the sound field in underground stations and are therefore suitable for use in long enclosures of rectangular and semi-circular cross section. The main purpose of the models is the prediction of speech intelligibility in underground stations. They can therefore be used to propose guidelines on the acoustic design of stations and the specification of public address systems for optimising speech intelligibility. The models have been validated using data mewed in a scale model of a semi-circular station on the London Underground railway (3) and in a station of rectangular cross section on the Hong Kong Mass Transit Railway. This paper describes the development of the model and its validation in the latter space.
DEVELOPMENT OF THX MODEL
The model developed for the prediction of the sound tield in rectangular enclosures is a ray tracing model which can model both omnidirectional and directional sources, using receiver spheres of radius 0.5 rn. The geometry of the space is represented by a series of planes. The termination of the tracing of a ray is determined using the energy discontinuity percentage (4). The room acoustics parameters calculated by the model are derived from the impulse response. A statistical method is used to compensate for the loss of later reflections due to the limitations of the computer. DifEaction around the openings of the train running tunnels is taken account of in the model.
The model was tested to ensure that it accurately predicted reverberation times and early decay times in a quasi cubic, diEuse, space, and in a long enclosure with reflecting ends, Analysis of the impulse response in long enclosures showed that acoustically hard end walls have significant effects on the reverberation time in such spaces. In addition to sound propagation, the model can predict any acoustic parameters that can be derived from the impulse response, such as reverberation time (RT), early decay time (EDT), deutlichkeit or definition (D50) and clarity index (C50). The model also predicts the speech transmission index (STI) f.?om calculation of modulation transfer functions. The method of calculating STI was based upon the ray tracing method of Rietschote et al (5) , which has been modified to allow for the calculation of ST1 in a real long enclosure, by taking account of air absorption and of background noise.
VALIDATION MEASUREMENTS
In order to validate the model me asurements were made in a station of rectangular cross section, the Kwai Fong Station on the Hong Kong Mass Transit Railway. The station is 200 rn long, 20 rn wide and 5.7 rn high from platform to ceiling. There are four columns along the platform, two staff viewing rooms, and six e$calators. As the station is above ground one side wall is partly open with two air gaps of length 25 rn. All the internal surfaces of the station are concrete. Measurements were made of sound propagation, EDT, C50, D50 and STI. For the measurements a single loudspeaker source was located on the platform approximately one third of tbe way along the length of the station. Receiver positions were located along the platform at 5 rn intervals at a height of 1.25 rn above the platform and 1.5 rn from the edge of the platform. The measurements were made using the computer based maximum length sequence system MLSSA. The model represented the space exactly, including the escalators and viewing rooms as well as the openings in the side wall.
Predictions were made in the octave bands 125 Hz to 4000 Hz. The predicted sound propagation, early decay time, clarity index and definition agreed well with measured values, particularly at mid frequencies. Sound pressure levels were predicted with an average error over all frequencies of 1 CB. In the case ofEDT interference effects which were not taken account of in the model gave a large error at 125 Hz. The average error over the remaining frequencies was 9%. The average errors for C50 and D50 were 2 dE3 and 8% respectively. Furthermore the trends of the parameters along the platform were correctly modelled. As an example, predicted and measured values of EDT at 500 Hz are shown in Figure 1 .
The predictions df the speech transmission index were accurate at all frequencies, being particularly close to measured values with an absolute error of less than 0.0 1 in the far field of the source. Predictions and measurements of the overall ST1 agreed very closely, as can be seen Erom Figure 2 which shows the predicted and measured values of ST1 at increasing distances from the source. It can be seen from Figure 2 that the trend along the platform is again correctly modelled. The error in the overall STI, averaged over all receiver points, was 0.02. 
CONCLUSIONS
A model has been developed for the prediction of acoustic parameters relating to speech and speech intelligiblity in long enclosures such as underground stations. Validation of the model using data measured in a real station has shown close agreement between the predictions and measurements. The model will provide a valuable tool for predicting the sound field in such spaces, for assessing the suitability of specific public address systems, and in investigating the effects on speech intelligibility of varying conditions such as the number of loudspeakers and background noise.
